The continuous increase in the pollution level and fuel price lead to increase the using of renewable energy sources especially wind energy. Due to the increase in wind energy penetration into electrical grid, installing wind farms faces many challenges. Continuity of wind farms connection to grid or at least reconnected after clearance of grid faults is important challenge. To overcome these challenges Flexible AC transmission systems (FACTS) elements are used as auxiliary equipment. This paper studies the impact of static var compensator (SVC) as one of FACTS family members on voltage stability of hybrid wind farm (HWF) during some grid disturbance such as over voltage, voltage sage, single to ground fault and three phase faults. This hybrid wind farm is consisting of an equal number of Squirrel Cage Induction Generator (SCIG) and Double Fed Induction Generator (DFIG). With this combination, the main benefits of SCIG and DFIG are collected. Where, SCIG is considered cheap with great effect on system stability especially when it operates without shunt compensator while DFIG can be operated with more stability contributes in the stability of interconnected grid. But DFIG is considered very expensive comparing with SCIG. The current paper presents a comprehensive comparison of recent hybrid wind farm with and without SVC during different types of grid disturbance. All test cases are carried out using MATLAB SIMULINK program.
Introduction:
The importance of renewable energy was appeared In the middle of past century as alternative source to traditional methods of electrical generation system. Most of European countries increased their researches towards renewable energy and because the wind in these countries features with high speed while they suffer from shortage of solar energy so that they accelerated their researches in wind energy field. As result of these researches, these countries expanded in build wind farms. The increase in wind energy penetration into the grid forced the power system operators to make rules for connecting wind power plant to the grid. The researches turned towards study the impact of wind energy penetration into electrical grid in steady stat conditions and special in emergency conditions. This impact is due to the type of generators that is used to convert the stored energy in wind into electrical energy. In the begging of installing wind farm SCIG was the first type that had been used for this propos then DFIG represents the second generation of induction used in wind farms. With the increase in wind energy penetration into the grid the need to improve the impact of these types became an important issue representing a wide field for researchers. DFIG wind turbines are the modern type but they are more expensive than SCIG wind turbines. DFIG wind turbines can give a voltage support to grid during fault events but they still suffer from dropping in its output power to zero without disconnecting the wind farm from the grid while SCIG wind turbines suffer from disconnection of the wind farm from the grid during fault events. Many researches have studied the dynamic behavior of SCIG or DFIG during LVRT condition [1] , [2] , [3] and [4] . To overcome these challenges Flexible AC transmission systems (FACTS) elements are used as auxiliary equipment. Some researchers treated this point in their researches by using Static VAR Compensator (SVC) and Static Synchronous Compensator (STATCOM) such as [5] and [6] . Other researchers used STATCOM to enhancement the operation of wind farm based on DFIG wind turbines such as in [7] and [8] . Using FACTS with wind farms to meet these challenges will cause an additional cost to wind farm installation. Also all these reaches used FACTS to enhancement the performance of wind farms based only one type induction generators whatever SCIG or DFIG. This paper aims to represent a new method of wind farm installation that can fulfill challenges which face wind farms interconnected grid and in the same time decrease the cost of wind farm installation as much as possible. To achieve this aim the paper proposed combination between SCIG wind turbines and DFIG wind turbines in the same wind farm. Also in this paper the performance of this hybrid wind farm (with and without SVC) grid voltage disturbance such as overvoltage, voltage sag, single line to ground fault and three phase fault according to the German grid operator -E.ON [9] is analyzed. 
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Description of Studied System:
The studied system consists of a wind farm connected to 120 kV grid via 25 kV, 30 km transmission line. The studied wind farm consists of six 1.5 MW generators. The HWF was based on 50% SCIG and 50% DFIG (3 SCIG and 3 DFIG). The SVC is connected in shunt with the HWF at the point of common connection (PCC). The faults occur at the end of transmission line. The single line diagram of the studied system is shown in Fig. 1 . 
parameters of studied system:
The parameters of studied system such as characteristic of SCIG wind turbine (rating, base wind speed,…) , characteristic of DFIG wind turbine(rating, base wind speed,…), parameters of AC/DC/AC converter and parameters of protection system are given appendix (A) [10] . Fig.2 . shows a single line diagram of SCIG wind turbine where the wind turbine rotor is coupled to the generator through a gear box while the stator is connected to the grid through a two winding transformer. A capacitor bank connected across the stator terminals of a 3-phase induction generator in order to supply the reactive power to the induction generator for self-excitation process [10] . 
Squirrel Cage Induction Generator (SCIG)
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Doubly Fed Induction Generator (DFIG)
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static var compensator (SVC):
The SVC is the most popular member of the FACTS family. It is a shunt device used power electronic devices to regulate the voltage at its terminal and hence regulate the voltage of the grid. SVC regulates the voltage by controlling the amount of reactive power which can be injected or absorbed according to the grid voltage condition [10] . 
Voltage Stability Index
The Voltage Stability Indices (VSI) are taken as an instrument that will measure the voltage stability of the studied power system [15] . The paper used a VSI formulation proposed in [16] order to that HWF without SSSC can give the same performance even better than wind farm based on DFIG wind turbines whatever it is associated with SVC. The next equation represents principle of VSI used in this paper [11] :
According to (3), VSI will have the following characteristics: a) When VSI is greater than 1 when the transmission line is within its power transfer limit; b) When VSI is equal to 1 when the transmission line is reaching maximum power transfer capability; c) When VSI is less than 1, maximum power transfer limit is violated, and voltage 
Equation (18) is implemented in Matlab/Simulink.
Simulation Results
The simulation is performed in two case; the first case was studding the performance of HWF wind farm during over voltage, voltage sage, single to ground fault and three phase faults occurred at the end of transmission line and continued to 150 mse according to the German grid operator -E.ON. HWF operates wind speed equal to 8 m/s. All measurements were taken at bus 1 which presents the point of common connection. 
Figure (7): Reactive power of HWF (with and without SVC) during overvoltage condition
From Fig.5, 6 and 7 it can be observed that the curves of voltage, output and reactive power in HWF with SVC and HWF without SVC are almost indicated. So that it can be said that the SVC has unremarkable effect on performance of HWF during overvoltage condition. The voltage stability of the system is examined using voltage stability index as shown in Fig. 8 . Fig .8 shows that in both cases HWF with or without SVC the system is great than 1 which means the system is stable during simulation time. Also shows that the performance of HWF without SVC is the same as HWF with SVC
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Figure (8): VSI of HWF (with and without SVC) during overvoltage condition
The second case; voltage sag case
In this case the grid voltage is dropped to 0.75 pu from time equal to 25 sec to time equal to 25.150 sec from the simulation time. From Fig.9 , 10 and 11 it can be observed that the HWF has the same performance whatever it associated with SVC or not. So that it can be said that the SVC has unremarkable effect on performance of HWF during voltage sag condition. The voltage stability of the system is examined using voltage stability index as shown in Fig. 12 . Fig .12 shows that in both cases HWF with or without SVC the system is great than 1 which means the system is stable during simulation time. Also shows that the performance of HWF without SVC is the same as HWF with SVC.
Figure (12): VSI of HWF (with and without SVC) during voltage sag condition
The thrid case; single line to ground fault
In this case the performance of HWF with and without SVC during single line to ground fault accrued at the end of transmission line at time equal to 25 sec to time equal to 25.150 sec from the simulation time. From Fig.13, 14 and 15, it can be observed that the HWF has the same performance whatever it associated with SVC or not. So that it can be said that the SVC has unremarkable effect on performance of HWF during voltage sag condition. The voltage stability of the system is examined using voltage stability index as shown in Fig. 16 . Fig .16 shows that in both cases HWF with or without SVC the system is great than 1 which means the system is stable during simulation time. Also shows that the performance of HWF without SVC is the same as HWF with SVC. 
The fourth case; three phase fault
In this case, the performance of HWF with and without SVC during three phase fault accrued at the end of transmission line at time equal to 25 sec to time equal to 25.150 sec from the simulation time. From Fig.17, 18 and 19, it can be observed that the parameters (P, Q and V) of the HWF have almost the same values whatever the HWF associated with SVC or not. So that it can be said that the SVC has unremarkable effect on performance of HWF during voltage sag condition. The voltage stability of the system is examined using voltage stability index as shown in Fig. 20 . Fig .20 the VSI shows that both cases HWF with or without SVC have the same voltage stability condition so that the performance of HWF without SVC is the same as HWF with SVC. 
Conclusions:
In this paper, the performance of HWF Wind Farm (HWF) with and without static var compensator (SVC) with rating of 3 MVAR (equals to one third of wind farm rating) during single line to ground fault and three phase fault has examined. The impact of using SVC with HWF is useless. This means that the operation of HWF is not in need to use SVC to improve its stability. Consequently, the installation cost will be decreased in case of HWF compared to different types of wind farms which is based only one type of induction generators whatever SCIG or DFIG. 
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